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METHOD OF BONDING SPUTTERING TARGET MATERIALS 

This application claims the benefit under 35 U.S.C. §, 19(e) of priot U.S. Provisional 
Patent Application No. 60/4,5,272 flled October I, 2CKI2, and U.S. Provisional Paten, 
Apphcation No. 60/449,783 filed February 25, 2003, wbicb are incorporated in tbeir entirety by 
reference herein. 

BACKGR OUND OF THE INVENTION 

The present invention relates «„ sputtering targets and other meal articles. More 
particularly, the present invention relates to methods to bond various meta,s together to form 
bonded sputtering targets and other bonded metal articles. 

There a re numerous techniques used to bond two metals together, such as diffltsion 
bonding, explosion bonding, and the like. Typically, these processes involve the tending of one 
sputtering target or target blank onto a backing plate and mis is done one target assembly a, a 
Hme. Needless to say, the bonding of „ backing plate Mo , ^ ^ ^ § ^ 

can he quite time-consuming and cosdy and further can lead ,o inconsistent q „a,i,y com™,. 

Furthermore, bonded targets are often annealed for various reasons, such as ,„ relieve 
me mechanical stress produced in the bonded materials during bonding, to realize the 
microstructure of the materia,*, and generally to obtain the desired medical properties for a 
sputter target assembly. T y pica „ y , anlKaling „ ^ ^ ^ ^ ^ 

atmosphere, o, both, ,„ prevent the introduction of impurities into the bonded materials (e.g., 
from oxidation) during the annealing process. Vacuum annealing is considenably reaouree- 
intensive. 

Accordingly, methods to improve upon the bonding precess in order to reduce the time 
and cos, of preducing bonded sputtering targets and other metal articles are desirable. 
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SUMMARY OF twit PRESENT iNvr^T.n^ 

A feature of the present invention is to provide an improved method of bonding baeking 
plates to sputtering targets, or vice versa. 

A further feature of ,he pres£nl inventio „ „ „ ^ , ^ ^ ^ ^ 
5 sputtering targets onto a backing plate. 

A further feature of the presen, invention is to provide a method to fom multiple 
spring barges and other ntetal articles with consistent physical p rop o„ ies md bonding 
strengths. 

Another feature of the presen, i„ve„,io„ is to provide a m «hod of bonding a backing 
10 P.* to a target in a casement such tha, the hacge, is vacuum seated in the casemen, during 
bonding. 

Additionai feantres and advantages of tha ^ invendon wi| , be sa fmh h ^ ^ 
the description ,ha t follows, and in par, wii, he appasen, from me description> „ may „ ^ 
by practice of me presen, inven.ion. TV objects and omer advances of the presen, 
» invendon „„, he reaiized and alined by means of me elements and combinations pariiculariy 
pointed out in the description and appended claims. 

To achieve these and Cher advantage, and in accordance with fa ^ 
presen, invendon, as embodied and broadly described herein, ,ha presen, invention reia.es ,o a 
method of forming a sputtering barge, or „,her m e,al articles comprising bonding a backing p,a,e 
20 ,„ a casemen, having recessed areas ,ha, contain barge, materials. The bonding of ma backing 
pla«e on,o the casemen, forms muldple bonded mage, material, The method men involves 
moving a, leas, a portion of mc casemen, from ,he bonded targe, materials. The s,ep can men 
include removing any remaining portion of me casemen, from the bonded barge, material. 



The presen, invention also relates to a method of fomting a sputtering .arge, on o,he, 
metal atticles comprising disposing . ^ in . recKS „ f a ^ ^ ^ ^ 

surface of *e target is exposed and subaan.ially parallel .o a rop surface of rhe easement. The 
method further includes bonding a baching plare tt> rhe bonding surface of.be rarge, and ro a, 
leas, a porrion of ,he rop surface of me casement ,o f„™ , bonded ^ ^ „ vacuum ^ 
within the recess. The method futther includes annealing me vacuum sealed bonded target ,o 
fom, an annealed sputtering mrge,. The method then involves retrieving .be sputtering .arge. by 
removing at leas, a portion of the casement from the sputtering target. 

The bonding of me backing plate on.o me casemen, containing rhe rarge, material(s) can 
be done by any bonding te cb„i q „e and preferably explosion b„ nding or diffilsion „ onding The 
bonding s ,ep preferably vacuum seals the bonded torge, ma,erial(s, within .he recessfes) of.be 



casement. 



The presen, inven.ion mtther rela.es ,o a casemen, having multiple recessed areas or 
recesses ,ba, contain targe, ma,e,ia.s wherein ,be ,op or exposed bonding surface of ,he barge, 
materials are separated from the backing p,ate materia, by a co„, ro ,led gap and me backing plate 
is snbs,an,ia,.y flush wi,h me casemen, surface. The preS en, invenflon ft*. relates , 0 , 
casemen, having recessed areas or recesses ma, contain m „,fl pte ^ materials, as described 
above, wherein a backing plate is bonded on.o a, leas, ft. ,„ p or exposefl bonding surfaces of 
the target materials. 

As an option, an imeflayer can be placed beflveen me backing p, ate and me surface of 
the casemen. prior to the bonding of the backing plate. 

1, is to be understood ma, bo,h ,be foregoing general description and me following 
defiled descripflon a re exemplary and explanatory only and are intended ,„ provide a ftnflter 
explanation of the present invention, as claimed. 



The accompanying drawings, which are incorporated in and constitute a part of this 
application, illustrate some of the embodiments of the present invention and together with the 
description, serve to explain the principles of the present invention. 

BRIEF DESCR IPTION OF THE DRA WTNCS 

Figure I is a top view of a casement containing multiple target materials in recessed 

areas. 

Figure 2 is a side view of the casement containing multiple target materials in the 
recessed areas of the casement and further showing a backing plate facing the casement and 
target materials as well as an explosive charge behind the backing plate. 

DETAILED DESCRIPTION nv THE PRESENT INVENTION 

The present invention relates to sputtering targets and other metal articles. More 
particularly, the present invention provides a method of forming multiple sputtering targets at 
the same time during the bonding of the backing plate onto the plurality of sputter targets. This 
process can also be applied to other metal articles. 

In the present invention, one or more sputtering targets are formed by bonding a backing 
Plate onto a sputtering target(s) disposed or located in a recessed area(s) or recess(es) formed in 
the top surface of a casement. Located in the recess is target materia, or a target blank with the 
sputter surface of the target face down and its opposing bonding surface face up, with the 
bonding surface being substantially parallel to the top surface of the casement. Preferably, the 
exposed bonding surface or top of the target material (located in the recess) can be substantially 
flush or flush with the top surface of the casement, or above or below the top surface of the 
casement in order to form a gap between the backing plate and the top surface of the , 



casement. 



When the backing plate is bonded onto the target material located in the recess of the casement, 
a bonded target material is formed wherein the backing plate is bonded onto the exposed upper 
or bonding surface of the target material located in the recess of the casement. Also, by this 
bonding technique, the exposed top surface of the casement may or may not be bonded to the 
backing plate. At .east a portion of the exposed top surface of the casement is preferably 
bonded to the backing plate. Preferably, the bonding process creates a vacuum condition in the 
recess, and by bonding the backing plate to both the top surface of the casement and the target 
material, the bonded target formed is vacuum sealed within the recess of the casement. 

Once the backing plate is bonded onto the target material and the exposed areas of the 
casement surface, at least a portion of the casement can be removed from the bonded target 
material. Genera.ly, the portion removed at this point is the portion that is beyond the surface 
area of the backing plate that would serve as the flange of any backing plate. Then, any 
remaining portion of the casement still located on or around the bonded target material can then 
be removed to form the bonded target material. 

If the backing plate is bonded onto the target material and not the exposed areas of the 
casement surface, then essentially the entire casement can be easily removed from the bonded 
target material. Both options will be explained in more detail below. 

In more detail, for purposes of the present invention, the metal article is preferably a 
sputtering target but can be any shaped article wherein two pieces of metal, such as plates of 
metal, are bonded together. In the preferred embodiment, this generally involves a backing plate 
being bonded onto a target material. The backing plate can be any suitable metal material used 
as a backing plate in sputter applications or other applications. The target material can be any 
material capable of being sputtered. Examples of the backing plate include, but are not limited 



to, copper, or a copper alloy, tantalum, niobium, titanium, a.uminum, and alloys thereof, such as 
TaW, NbW, TaZr, NbZr, TaNb, NbTa, TaTi, NbTi, TaMo, NbMo, and the like. 

With respect to the target material to be bonded by the method of the present invention, 
examples inc.ude, but are not limited to, tantalum, niobium, cobalt, titanium, copper, a.uminum, 
and alloys thereof, for instance, the alloys described above. 

In the present invention, the target grade materials to be bonded with the backing plate 
member can be target grade material, for instance, as described in U.S. Patent No. 6,348,1 13 
(Michaluk et al.), incorporated in its entirety by reference herein. This patent shows examples 
of plate that can be prepared from starting ingots, plates or billets. The purity, texture, and/or 
grain size and other properties, including size and the like are not critical to the present 
invention. The powder used to make the target grade plate as well as the target itself can have 
any purity with respect to the metal. For instance, the purity can be 99% or greater such as from 
about 99.5o/ 0 or greater and more preferably 99.95% or greater and even more preferably 
99.99% or greater, or 99.995% or greater or 99.999% or greater. The target can have any 
suitable grain size (e.g., average grain sizes of less than 300 microns, less than 100 microns, less 
than 50 microns, less than 20 microns) and/or texture. For instance, the texture can be random, 
a primary (1 1 1) texture, or a primary (100) texture that can be on the surface or throughout the 
entire thickness of the target. Preferably, the texture is uniform. Also, the target can have a 
mixed (1 1 l ):( l 10) texture throughout the surface or throughout the entire thickness of the target. 
In addition, the target can be substantially void of textural banding, such as substantially void of 
(100) textural banding. 

The thicknesses of the backing and the target material can be any suitable thickness used 
for forming sputtering targets. Alternatively, the backing plate and the target materia, or other 
metal plate to be bonded onto the backing plate can be any suitable thickness for the desired 



application. Examples of suitable thicknesses of the backing plate and of the target material 
include, but are not limited to, a backing plate with a thickness of from about 0.25 or less to 
about 2 inches or more in thickness and targets with a thickness ranging from about 0.060 
inches to about 1 inch or greater. In the present invention, the target material to be bonded onto 
the backing plate can be conventional target grade material for instance as described in 
Michaluk et al. Once the shape of the target material is determined, a casement can be prepared 
which has one or more recessed areas or recesses so that the target material(s) fits within one or 
more of the recesses. Essentially, the casement can have one or more recesses cut or formed 
into the casement thereby forming recesses that match the shape of the target material with 
respect to diameter, width, length, and height. Generally, in one embodiment, the recess has the 
proper dimensions such that the target material is separated from the top surface of the casement 
by a gap of controlled dimension. This gap can be any distance, such as 0.25 inch or less or 
such as I or 2 inches or more. In other words, in one embodiment, the target's top or bonding 
surface is above the top surface of the casement. The target material can be even slightly below 
or slightly above the surface of the casement and there is no criticality with respect to being 
flush with the top surface of the casement. 

With respect to the casement, the casement is preferably of a metal grade, such as steel 
or other similar materials. Steel is preferred due to its strength as well as availability and price. 
Essentially, a plate of metal, such as steel having a thickness greater than the height and 
diameter of the target materials can be used and through conventional cutting and machining 
techniques can have one or more recesses cut or formed into the casement. Examples of 
conventional cutting and machining techniques include, but are not limited to, boring, milling, 
grinding, electrode discharge machining or other suitable methods. The recess can have 
dimensions greater than the dimensions of the target material. For instance, the difference in 



target diameter or size and the diameter or size of the recess can be from about I mm to about 
10 mm, and more preferably from about 1 mm to about 5 mm. In other words, the gap between 
the recess edge/side and the edge of the target is this size range. Or, the dimensions of the 
recessed area essentially mimic the dimensions of the target material in order to create a snug or 
tight fit in the recessed area when the target material is placed into the recessed area to securely 
fit the target within the recess. The casement should be of substantial thickness that even when 
recessed areas are formed, the casement is still strong enough, especially in the areas underneath 
the recessed areas, to withstand a bonding procedure, such as explosion bonding. 

As to disposing one or more targets in recesses of a casement, the target is located or 
placed bonding side up and the opposing sputter side down into the corresponding recess of the 
casement. Notably, not every recess need contain a target. Also, more than one target blank or 
other metal layer can be disposed in the recess. Disposing can include force-fitting the target 
material into the recess so that the target is securely fit into the recess. 

According to one embodiment of the present invention, the method further includes 
disposing a liner or protective layer in at least one recess before the target is disposed in the 
same recess. The protective layer acts to prevent bonding of the sputtering side of the target to 
the bottom surface of the recess in the casement. The protective layer can cover all or any 
portion of the bottom surface of the recess. In addition, the protective layer can also cover all or 
any portion of the side surfaces of the recess. For example, the protective layer can be of any 
thickness and made from any suitable material. The protective layer is preferably made from 
paper, and more preferably is cardboard. 

Prior to disposing or placing the target material(s) in the recessed area(s) of the 
casement, the casement can be polished and cleaned, and a glue polymer or other bonding 
material (e.g., protective material) can optionally be used to secure the target to the casement 
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and either prevent or facilitate bonding between the target and the casement, should an 
explosion bonding mechanism be used. Preferably, this bonding material, if used, fills any 
existing gap between the casement and backing plate. 

With respect to the size of the casement or dimensions of the casement, any dimensions 
can be used as long as a metal casement or other suitable material can be formed or obtained. In 
one embodiment of the present invention, the casement has sufficient dimensions such that a 
sufficient number of recessed areas can be prepared based on the number and size of the target 
materials. In a preferred embodiment, the casement has dimensions from a length of from about 
1 ft or less to about 5 ft or more and a width of from about 1 ft or less to about 5 ft or more. 
More preferably, the dimensions of the casement are about 42 inches by about 42 inches. The 
thickness or height of the casement is from about 1 inch or less to about 1 foot or more. 
Preferably, at least 2 recessed areas or recesses are present in the casement and at least 3, at least 
4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10 or more recessed areas can exist 
which can be the same or different in dimensions in order to accommodate an equal number of 
target materials having dimensions that would fit into these recessed areas. As shown in Figure 
1, for instance, a casement can be prepared which essentially accommodates 4 target materials 
wherein 2 of the targets have the same dimensions and the other 2 targets have the same 
dimensions. Also, as an option, there can be smaller shaped recessed areas to receive bond 
quality test samples of target materials. These small recessed areas which can have dimensions 
of from about 1 inch or less by about 1 inch or less in diameter to about 6 inches or more by 
about 6 inches or more, are valuable in order to test the bonding quality and strength between 
the target materials and backing plate. These bond quality test sample recessed areas can be 
located throughout the casement as shown in Figure 1. Also, as shown in Figure 1, there can be 
dotted circular lines surrounding the target materials or on the backside of the backing plate. 



These dotted circular lines represent areas that would be cut to form the flange of the sputtering 
targets once bonding has occurred. These dotted circular lines or other similar markings can be 
located on the back of the casement such that after bonding, one can readily determine where 
the cutting of the casement should occur in order to retrieve the bonded sputter target material. 
These markings can be in the form of etched lines, painted markings, and the like. 
Alternatively, or in combination, the markings can be on the back surface of the backing plate to 
indicate the location of the flange portion. 

Once the target material(s) is disposed or located in the recessed area(s) of the casement, 
the casement containing the target material(s) in the recessed area(s) can be mated with a 
backing plate such that the backing plate is adjacent to the top surface of the casement which 
has the exposed bonding surface of the target material(s) in the recessed area(s). The casement 
with the target material(s) and the backing plate which are face to face can then be clamped or 
locked into place using any conventional technology, such as clamps, bands of metal strips, 
vices, and other locking devices. Located behind the backing plate can be an explosive charge 
in order to achieve explosion bonding if this bonding technique is used. Generally, the amount 
of explosion charge is a charge sufficient to provide a bond between the target material and 
backing plate. The amount of explosion charge is preferably sufficient to also provide a bond 
between the backing plate and the exposed surface area of the casement. Generally, the amount 
of explosive charge for a 1 inch thick backing plate with a gap of about 0.25 inch ranges from 
about 0.018 pounds/sq inch for C10100 copper backing plate to about 0.024 pounds/sq inch for 
CI 8200 copper alloy backing plate using dynamite packed to a density of 1 g/cc. Other 
explosives such as Pentolite, TNT, Trimonite No. 1, C4, ammonium nitrate, or other suitable 
explosives may be used, but the explosive charge should be adjusted for the explosive energy. 
For additional information on the calculation of the explosive charge see the article by R. J. 
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Carlson, V. D. Linse and R. H. Wittman, Materials Engineering 68, 70 (1968), incorporated in 
its entirety by reference herein. 

As indicated above, a gap can exist between the backing plate and casement by the 
target bonding surface being higher or lower than the top surface of the casement. If explosion 
bonding is used, preferably this gap is filled so as to be at least level with the target bonding 
surface and preferably is filled above the height of the target bonding surface. 

When explosion bonding is used, it is preferred to have a gap existing between the 
backing plate and the sputtering target prior to the explosion occurring. If the explosion 
bonding occurs without a gap, the bond may not adequately form or may not form at all. 
Accordingly, with this option, in one embodiment, a gap can exist between the backing plate 
and the target bonding surface and preferably no gap exists between the casement surface and 
the backing plate. A preferential location of the gap can be accomplished by creating a 
sufficient depth in the recessed area to have the sputtering target bonding surface below the top 
surface of the casement such that the backing plate contacts the casement without contacting the 
sputtering target. Also, the gap can be created by having the bonding surface of the target 
materials essentially flush with the surface of the casement. Then, with the application of the 
bonding or protective material around the exposed surface area of the casement and/or the 
reciprocal surface of the backing plate, the backing plate will bond onto the target bonding 
surface but not onto any casement surface since the bonding material is not on the surface of any 
target. Thus, any manner in which to create a gap between the backing plate and target but not a 
gap between the backing plate and casement can be used and the above methods are simply 
examples of how to achieve this preferential gap. 

Preferably, the bonded preform has a sputter target having metallurgical properties 
that are similar to the target grade plate. For example, explosively bonding a target grade 
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plate having an average grain size of less than about 100 microns and a texture substantially 
void of (100) textural bands according to the present invention preferably forms a bonded 
preform having a sputter target having an average grain size of less than about 100 microns and 
a texture substantially void of (100) textural bands. In addition, as a result of the explosive 
bonding, the bonded preform preferably has a backing plate that is harder than the backing plate 
member prior to be bonded, as measured quantitatively, for example, in Rockwell B scale. For 
instance, the hardness is increased by 5% or more, such as 10% or more, and 30%-60% or more. 
In one specific example, a backing plate, like C46400 went from a Rockwell B scale hardness 
of 63 before explosion bonding to a bulk hardness of 85 and an interface hardness of 100 after 
bonding. 

The bond preform preferably has a bond interface between the target and the backing 
plate member, the bond interface having superior strength. For example, the bond strength can 
be from 10,000 p.s.i. to about 75,000 p.s.i. or higher, which is approximately twice the typical 
bond strength achieved by, for example, diffusion bonding. Other ranges include from about 
25,000 p.s.i. to about 55,000 p.s.i., and from about 40,000 p.s.i. to about 56,000 p.s.i., and the 
like. This bond strength is preferably uniform through the bonded surface. As stated above, 
increased bond strength is particularly important as the diameter of the sputter target increases. 
Additionally, the bond interface formed by the present invention preferably includes no 
interdiffusion of the target grade plate and the backing plate member. Thus, the sputter target 
and the backing plate member can be more easily separated for recycling after use, for example, 
by reducing the amount of the reclaimed metal of either being contaminated with the other. 

In lieu of explosion bonding, diffusion bonding techniques can be used wherein the 
backing plate is diffusion bonded onto the casement containing the target material using 
conventional diffusion techniques, such as hot isostatic pressing and the like. In the case of 
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diffiision bonding, the areas in flush contact to the backing plate will be bonded and the areas 
with gaps or bonding barriers may remain unbonded. In the case of diffusion bonding, the 
casement is designed so that the target blank and the backing plate are in close contact. 
Similarly, the casement and backing plate can be in close contact or alternatively, be separated 
by a gap or bonding barrier to facilitate easy separation of the casement from the backing plate 
materials. Thus, with diffusion bonding, the preferred strategy with respect to the preferentia. 
location of the gap is the opposite when compared to the preferential location of the gap in 
explosion bonding. Put another way, the gap preferentially exists between the casement surface 
and the backing plate while the top or bonding surface of the target is in contact with the 
backing plate. This can be accomplished using similar techniques as described above, for 
instance, designing the recessed areas such that the top or bonding surface of the target is above 
the surface of the casement. Again, any mechanism to achieve this preferential gap location can 
be used. 

After the backing plate is bonded onto the top surface of the target materials and 
exposed top surfaces of the casement, the desired dimensions of the backing plate can be cut 
away from the casement as described earlier. When the bonded target material/backing plate is 
cut away from the casement, there would generally be still a portion of the casement bonded 
onto the area of the backing plate that would serve as any possible flange of the target. At this 
point, this portion of the casement remaining and bonded onto the flange location of the target 
can then be machined away using any conventional machining techniques in order remove any 
remaining portions of the casement and to thereby obtain a target material with a backing plate 
bonded thereto. At this point, any conventional processing of the target can be done, such as 
polishing and the like. 
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According to one embodiment of the present invention, bonding the backing plate to the 
bonding surface of the target to form a bonded target, while at the same time bonding the 
backing plate to the exposed surface of the casement, also vacuum seals the bonded target 
within the recess of the casement. For example, during explosion bonding, a vacuum is drawn 
in the unoccupied space of the recess. Put another way, the explosion and the accelerating of 
the casement and backing plate forces air out between the casement and backing plate and seals 
the targets between the casement and backing plate. As a result of the backing plate being 
dually bonded, i.e., to the surface of the casement and to the bonding surface of the target 
material, the vacuum condition that is created within the recess during the explosion is 
maintained after bonding. 

After the backing plate is bonded onto the bonding surface of the target material and 
exposed top surfaces of the casement to form a bonded target that is vacuum sealed within the 
recess, the method according to the present invention preferably involves annealing the bonded 
target/casement/backing plate to form an annealed target. The bonding methods described 
above can produce mechanical stress in the backing plate during bonding. The stress in the 
bonding plate can be reduced or eliminated by annealing the bonded target. Preferably, the 
bonded target is annealed under a vacuum to, among other things, prevent oxidation of the 
target materials. However, because bonding according to the method of the present invention 
creates a vacuum sealed bonded target within the recess, the bonded target can be annealed in an 
air furnace, since no air will reach the target. This permits a very simple and very economical 
annealing. Annealing can be at any temperature, and is preferably at a temperature of less than 
about 800° C. For instance, annealing can be at a temperature of from about 200 to about 800° 
C, and preferably from about 300 to about 500° C, and more preferably at a temperature below 
about 450° C. Preferably, the bonded target is annealed at a sufficient temperature and for a 
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sufficient time to reduce or eliminate the stress in the backing plate, annealing times can be from 
about 1 minute to about 4 hours or more, and are preferably from about 1 hour to about 2.5 



hours. 



According to one embodiment of the present invention, the method can include 
optionally partitioning one or more of the bonded targets from the other bonded targets before 
the step of annealing. Preferably, the partitioned bonded targets are partitioned such that the 
bonded targets remain vacuum sealed in the recesses. The partitioned bonded target can then be 
individually annealed. Partitioning can include any suitable method of separating the bonded 
target from the other bonded targets in the casement. For example, partitioning can be by 
machining, waterjet cutting, punch pressing, plasma cutting, flame cutting, milling, grinding, 
sawing, laser cutting, boring, electrode discharge machining, or any combination thereof. 

As to retrieving the sputtering target by removing at least a portion of the casement from 
the sputtering target, the desired dimensions of the backing plate can be cut away from the 
casement as described earlier to expose the sputter surface of the sputtering target. When the 
annealed bonded target material/backing plate is cut away from the casement, there would 
generally be still a portion of the casement bonded onto the area of the backing plate that would 
serve as any possible flange of the sputtering target. At this point, this portion of the casement 
remaining and bonded onto the flange location of the target can then be machined away using 
any conventional machining techniques in order remove any remaining portions of the casement 
and to thereby obtain a target material with a backing plate bonded thereto. At this point, any 
conventional processing of the target can be done, such as polishing and the like. 

An embodiment of the present invention permits the multiple bonding of targets onto a 
backing plate in one bonding process and thus achieves a greater output of target materials 
bonded onto backing plates and further achieves a consistent bonding of the multiple targets. In 
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addition, the small recesses that hold, as an option, bond quality test materials which can 
scattered throughout the casement are excellent tools for ensuring consistent bonding 
throughout the dimensions of the casement. 

As indicated above, if no bonding of the casement and backing plate occur, then 
essentially the casement can be removed in one step and the casement will be intact and 
therefore can be reused. 

As an option, an interlayer or protective layer can be located on top of the casement once 
the target materials are placed in the recessed areas of the casement. The interlayer or protective 
layer would be bonded onto the target materials and backing plate. This interlayer or protective 
layer can be any conventional interlayer material, such as, but not limited to, for the case of 
tantalum bonding to copper alloy backing plates, interlayer such as niobium, zirconium, 
titanium, or vanadium are materials that can enhance the bond quality. The technical paper by 
Oberg et al., Metallurgical Transactions A, 16, 841 (1985), incorporated in its entirety by 
reference herein, provides a description of the thermodynamic principles for choosing the 
appropriate bonding interlayer. Then, as described above, the interlayer can be machined away 
in the flange areas of the target material or can be left on the flange areas of the target material 
depending upon the design of the target material. 

As another option, an interlayer or protective layer can first be placed on the casement 
and then the target materials inserted into the recessed areas such that the interlayer or protective 
layer is pressed into the recessed areas and the target material located above the interlayer or 
protective layer. By doing this option, during bonding, the backing plate can be bonded onto the 
target materials and onto the interlayer or protective layer. If the protective layer is of a 
substantial thickness and durability, the backing plate bonds onto this protective layer but not 
the casement. By doing this option, the integrity of the casement can be maintained such that 
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the casement does not need to be destroyed in order to retrieve the bonded target material. 
Instead, the protective layer would be only sacrificed in order to cut away the desired target 
materials and flange diameters. 

As another alternative, the interlayer or protective layer can have a template design such 
that the interlayer/protective layer essentially is shaped such that the surfaces of the protective 
layer only go over the non-recessed top areas of the casement. By doing this, the same goal is 
achieved whereby the bonding occurs on the protective layer and the target materials but not the 
casement. 

As another option, the diameter of the target can be larger than the desired finished 
diameter. By doing this, this ensures that the bonding between the backing plate and the target 
surface is of high quality and by having an oversized target, the outer boundaries of the bonded 
target can be cut away. In other words, the excess target can be removed by machining or other 
means to leave a target having the desired dimensions and ensuring that the bond for the 
finished target of high quality. The amount of over sizing of the target can be any desired 
amount, such as 5%, 10% of the finished desired diameter to 25% or more. 

As indicated above, a protective material can be placed on the top surface of the 
casement but not on the top surface of the targets located in the recessed areas of the casement 
during the bonding step. This protective material preferably prevents the bonding of the 
backing plate onto the top surface of the casement but permits the bonding of the backing plate 
onto the top surface of the targets. One example of such a protective material is a polymer such 
as a polymer glue, metal, and the like. Another example can be a ceramic material such as, 
alumina or silica glass. 

With respect to explosion bonding, it is preferred to have a gap between the backing 
plate and the bonding surface of the target material to be bonded onto the backing plate. This 
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permits the backing plate upon using explosion bonding to reach its most optimal velocity prior 
to impact onto the top or bonding surface of the target. On the other hand, by placing the top 
surface of the casement at a less than optimal distance achieves a less than optimal bonding 
velocity. Put another way, if the top surface of the casement is in close proximity or in contact 
with the backing plate during explosion bonding, the backing plate will not have an opportunity 
to reach optimal velocity prior to impact on the top surface of the casement and therefore will 
prevent bonding or significantly prevent substantial bonding onto the top surface of the 
casement. In the alternative, if the casement is further away from the most optimal gap for 
reaching maximum velocity, then the backing plate will contact the top or bonding surface of 
the target material at maximum velocity but by the time it reaches the top surface of the 
casement, maximum velocity will not exist and therefore the bonding onto the casement will be 
prevented or substantially minimized. 

The above-described embodiments of the present invention have many advantages, 
including eliminating the need to anneal the bonded target under a vacuum which is very 
resource intensive. 

Other embodiments of the present invention will be apparent to those skilled in the art 
from consideration of the present specification and practice of the present invention disclosed 
herein. It is intended that the present specification and examples be considered as exemplary 
only with a true scope and spirit of the invention being indicated by the following claims and 
equivalents thereof. 



